ABSTRACT Background: Acute coronary syndromes (ACS) have been associated with lower health utilities (HUs) compared with the general population. Given the prognostic improvements after ACS with the implementation of coronary angiography (eg, percutaneous coronary intervention (PCI)), contemporary HU values derived from patient-reported outcomes are needed.
INTRODUCTION
Acute coronary syndromes (ACS) remain one of the leading causes of mortality and morbidity in European countries. 1 The implementation of recommended therapies, such as percutaneous coronary intervention
KEY QUESTIONS
What is already known about this subject?
▸ Acute coronary syndromes (ACS) remain one of the leading causes of mortality and morbidity in European countries. The implementation of recommended therapies, such as percutaneous coronary intervention, effective pharmacological agents and cardiac rehabilitation programs have considerably reduced the incidence of major adverse cardiac and cerebrovascular event. However, patients with ACS may suffer from limitations in physical and functional activities impacting on health utility.
What does this study add?
▸ The main results in the present study were that health utility values measured with the EuroQol questionnaire five dimensions (EQ-5D) in ACS patients referred for coronary angiography were similar to the general population, while self-rated health status measured by visual analog scale was significantly lower. Impact of ACS on health utility and self-reported health status was especially pronounced in patients with premature ACS. Significant differences of health utility were found according to gender, education, employment status, and presence of diabetes, obesity, heart failure, recurrent ischemic or incident bleeding events and attendance to cardiac rehabilitation. These findings could potentially strengthen utility estimates (i.e. model input parameters) and update further cost-effectiveness analyses on coronary procedures, particularly if health utility estimates are required for specific subgroups of ACS patients.
How might this impact on clinical practice?
▸ Our results suggest that EQ-5D health utility values are not lower in ACS patients referred for coronary angiography compared to the general population, except for patients with premature ACS. This study shows the favorable impacts of contemporary ACS management, including percutaneous coronary intervention or cardiac rehabilitation, but also the dramatic impact of premature ACS. During the follow-up, patients who presented adverse events after ACS (recurrence of ischemic or bleeding events) have significantly lower health utility, as well as those with lower educational status.
(PCI), effective pharmacological agents and cardiac rehabilitation (CR) programmes have considerably reduced the incidence of major adverse cardiac and cerebrovascular events (MACCE). 2 Patients with ACS may suffer from limitations in physical and functional activities impacting on their health utility (HU). 3 4 HU is a driving parameter in health economic studies guiding clinical and policy decision-making. 5 Indeed, integrating HU into medical decisions or treatment outcome is recommended by the European guidelines for ACS management. 6 The EuroQol five-dimensional questionnaire (EQ-5D) is a common framework used to translate different dimensions of health-related quality of life into a single HU value. Previous studies using EQ-5D HU have shown lower HU in patients with coronary artery disease (CAD), especially in socioeconomically vulnerable patients. 3 7 8 Information about the average HU values and their determinants in patients with ACS are often used in economic evaluation studies on ACS. However, a review of cost-effectiveness analyses found that 77% of studies did not incorporate communitybased preferences and 33% used arbitrary expert elicitation. 7 Recent cost-effectiveness studies in coronary patients were based on HU values (eg, quality-adjusted life-years) from the 1990s when the PCI was less frequently used than today. 9 10 In this study, we aimed to assess contemporary HU in a prospective cohort of patients with ACS and compare the values with those of the general population localised in the same region.
11

METHODS
Study population with ACS
The Multi-dimensional Prevention Programme after Acute Coronary Syndrome (ELIPS, study identifier NCT01075867) is a prospective cohort of patients enrolled with a main diagnosis of ACS in four Swiss University Hospitals (Bern, Geneva, Lausanne and Zürich). 12 13 The cohort includes patients referred for coronary angiography between September 2009 and December 2012.
14 Exclusion criteria comprised index revascularisation with coronary artery bypass graft (CABG), inability to give informed consent and life expectancy <1 year (for non-cardiac reasons). The study protocol was approved by the local ethics committees, and all participants provided written informed consent.
Data collection
Participants were contacted by a trained study nurse for a clinical visit 1 year after the ACS at the enrollment site. If patients were unable to attend the consultation personally, the data collection was performed in the following order: (1) over the phone, (2) by mail or email, (3) through family members and finally (4) through the primary care physician. We collected baseline data on sociodemographic characteristics, cardiovascular history, cardiovascular risk factors, cardiovascular medication and participation in cardiac rehabilitation (CR). During the follow-up visit, we assessed the incidence of MACCE, such as the overall mortality, recurrence of myocardial infraction (MI), stroke, hospitalisation for unstable angina and peripheral artery disease. We also collected data on bleeding events using the standardised definition. 15 All events were adjudicated by a panel of certified cardiologists, based on the medical records.
Measurement of HU HU in the ELIPS cohort was measured using the validated EQ-5D questionnaire during the 1-year follow-up visit. In addition, the instrument includes a VAS, represented by a vertical scale. The EQ-5D questionnaire consists of five questions, each representing one dimension. These five dimensions are mobility, self-care, usual activities, pain, discomfort, anxiety and depression. For each dimension, participants were asked to report their status on a three-level ordinal scale: no problems, some problems or severe problems. Health states among the 243 possible combinations from the EQ-5D questionnaire index were translated to HU index for each respondent using a standard pan-European value set. 16 HU is measured on a scale between 0 and 1, 1 representing perfect health and 0 representing death. To compare the estimates of HU in our cohort with those obtained in the general population, we used the previously published reference values from among the 1952 randomly selected adults in the French-speaking part of Switzerland.
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Statistical analysis
The primary end point was the EQ-5D-derived HU index and self-rated health status using VAS results 1 year after hospitalisation for ACS. We presented the frequency distributions of the EQ-5D items and the mean values and SDs of HU and VAS results. The average HU and VAS results were presented for different clinically relevant subgroups. 6 We used χ 2 tests for dichotomous outcomes and t-tests for continuous outcomes. A multiple linear regression model was estimated to study the association between HU and VAS values and patient characteristics (age, sex, education and working status), clinical parameters (body mass index (BMI), diabetes, hypertension, signs of heart failure (HF), heart rate, type of ACS), CR and the occurrence of adverse events defined by the combination of MACCE or bleeding events. The selection of variables was defined prior to the statistical analysis and was based on clinical judgment and previous publication. 17 Age was categorised into the following groups:<50, 50-59, 60-69, 70-79 and≥80 years old as performed in a previous publication on the general population; 11 BMI into three categories of normal weight (<25 kg/m 2 ), overweight (25-29.9 kg/ m 2 ) and obesity (≥30.0 kg/m²); heart rate estimated were presented for an increase of each 10 bpm. The individual outcomes of HU and VAS in the surveyed patients with ACS 1 year after coronary angiography were compared with the predicted values of these patients if they were average members of the general population. The predicted values of identical individuals in the general population were calculated using a published prediction equation estimated for Switzerland. 11 The prediction equations included age, age squared and sex: HU=0.84822−0.00208×(age−50)−0.00002×(age−50) 2 −0.02090 if female for EQ-5D utilities and VAS=83.183 −0.199×(age−50)−0.006×(age−50) 2 +0.401 if female for VAS self-assessed utilities. These equations allow the computation of individual expected values without the problems posed by small samples within strata and by discrete jumps between strata. We reported the differences of the observed minus predicted outcomes of the mean EQ-5D HU and VAS and then used a parametric one-sample t-test.
RESULTS
Baseline characteristics
Of the 2352 patients enrolled at baseline for angiography during the index ACS event from September 2009 to December 2012, 50 (2.2%) died; 49 (2.1%) refused the follow-up; 41 were lost to follow-up (1.7%); 84 (3.6%) had a follow-up beyond 450 days and 245 (11.2%) had missing data for fully completed EQ-5D items, yielding to a final sample of 1882 participants for primary analysis. Mean age was 62.0 (11.8); 79.8% were men; 16.6% had diabetes; 53.6% had hypertension; 20.8% were obese and 1308 (70.6%) attended a CR programme after hospital discharge (table 1) .
Description of HU
In the overall ACS study population, the mean EQ-5D was 0.82 (0.16) for HU and VAS was 0.77 (0.17) (table 2) .
It has been estimated that 40.9% of all patients with ACS reported the highest utility values in all five EQ-5D dimensions; 16.3% of patients with ACS had problems with mobility, 3.5% with self-care, 15.9% with daily activities, 45.8% had pain or discomfort and 33.0% suffered from anxiety or depression (table 2) . The highest bound of VAS was lower among patients who reported the highest utilities in all five EQ-5D dimensions compared with HU (0.86 vs 0.98, p<0.001).
Clinical characteristics of patients with ACS and HU at 1 year
In subgroup analyses, we found that HU (0.83 vs 0.77, p<0.001) and VAS (0.77 vs 0.73, p<0.001) at 1 year were significantly lower in women (table 2) . Patients who attended a CR programme after hospital discharge reported significantly higher HU (0.83 vs 0.79, p<0.001) and VAS (0.74 vs 0.78, p<0.001) 1 year after ACS, while patients who presented the occurrence of MACCE or a bleeding event after the index ACS reported lower HU (0.78 vs 0.82, p<0.001) and VAS (0.71 vs 0.77, p<0.001) at 1 year. The multivariate linear regression model suggested that women, low educational status, unemployment or retired status, patients with obesity, diabetes, hypertension, heart failure symptoms and persisting elevated heart rate are significant predictors of low HU and VAS self-rated health status 1 year after ACS (table 3) . In addition, patients who presented MACCE or bleeding events during the year (from baseline to the 1-year follow-up) experienced an additional decrement in their HU at 1 year. On the contrary, attendance to a CR programme after hospital discharge was associated with significantly higher HU. The coefficients of the multivariable model were similar both for EQ-5D HU and VAS outcomes. 
DISCUSSION
The main results in this study were that HU values in patients with ACS referred for coronary angiography were similar to the general population, while self-rated health status measured by VAS was significantly lower. The impact of ACS on HU and self-reported health status was especially pronounced in patients younger than 60 years old. Significant differences of HU were found according to gender, education, employment status, presence of diabetes, obesity, heart failure, recurrent ischaemic or incident bleeding events and attendance to cardiac rehabilitation. These findings could potentially strengthen utility estimates (ie, model input parameters) and update further cost-effectiveness analyses on coronary procedures, particularly if HU and quality-of-life estimates are required for specific subgroups of patients with ACS. A wide range of HU instruments yield various score amplitudes and discriminate more precisely the treatment differences. In the 1 -year results of the third Randomised Intervention Trial of unstable Angina (RITA-3), VAS scores were better for interventional strategy than for conservative at 4 months (treatment difference of 3.0, p<0.001) and 1 year (2.3, p<0.01) and the EQ-5D utility scores were less statistically significant at 4 months (treatment difference: 0.036, p<0.01) and not significant at 1 year (0.016, p=0.20). 18 Although the ease of VAS use also provides information on patients' global state of well-being and allows comparability of relative health state across various illnesses, other disease-specific instruments would provide greater sensitivity for detecting the tiny variations in quality-of-life estimates and information on the influence of various factors on HU. 19 20 Further patient-reported outcome studies could confirm the important issue of whether or not the disutility due to ACS differs significantly across subgroups. These specificities are scantly reported in costeffectiveness analyses and clinical trials, although differences of health status were observed according to vulnerability in patients with CAD. 3 In the multivariate analysis, attendance to cardiac rehabilitation was significantly associated with higher estimates of HU. This result is in line with findings from previous studies showing that good medication compliance, regular physical activity, risk factor modification and patient-centered care are associated with higher HU. 17 Indeed, randomised controlled trials in patients with ACS do generally not report the rates of CR attendance. We also observed that obesity, diabetes and factors of poor adherence to a healthy lifestyle were associated with lower HU. At the time of inclusion, about 10% of participants had signs of HF. In the multivariate model, HF signs and persisting elevated heart rate were significantly associated with poorer HU and self-reported health status. Since it is likely that patients with decompensate HF are under-represented in clinical trials (eg, in PLATO trial, 1% of patients had Killip >2 at the inclusion), these patient-reported outcome added valuable information on real-life representation after ACS. 21 Regarding gender issue, in a recent cohort of patients with premature ACS, women reported worse HU than men in the domain of physical and mental functioning, suggesting that cultural and social role of women could have a negative impact on HU. 22 In our study, the lower HU in women remained present and statistically significant even after adjustment for clinical variables. Regarding socioeconomic factors, we found that patients with lower education and employment had worse EQ-5D HU.
Recent cost-effectiveness studies assessing the revascularisation strategies in patients with CAD derived estimates from data published in the 1990s. 9 23 In the USA, reference values for patients with CAD were defined as a mean value of 0.70 for EQ-5D. 7 In a German registry of patients with MI, the reported mean EQ-5D was 0.87 (0.15), while the VAS was 0.66 (0.19). 4 The variability of the EQ-5D HU across studies could be explained by different adaptations from EQ-5D into an aggregated HU value and by patient's characteristics. Prognosis of the ACS population has considerably improved with the use of PCI, and with the use of more effective pharmacological agents, such as statins and potent P2Y 12 inhibitors. 6 Particularly, a cost-effectiveness analysis of clopidogrel was limited due to the absence of reliable estimates for HU in patients with ACS. 10 This is especially important given that a reduction of 0.1 of HU in a sensitivity analysis could potentially change the costeffectiveness ratios in patients with ACS. 10 In the PLATelet inhibition and patient Outcomes (PLATO) trial, cost-effectiveness analysis of the ticagrelor strategy versus clopidogrel strategy used a mean QALY of 0.846 in patients with ACS based on EQ-5D instrument. 4 5 Parameters for long-term extrapolation considered a QALY decrement of 0.075 for recurrent non-fatal MI and a decrement of 0.103 for non-fatal stroke. 6 The adjustment according to age considered an estimate of 0.874 for those <69 years, 0.813 for those 70-79 years and 0.754 for those >79 years. 23 24 However, those analyses did not specifically adapt HU estimates for important subgroups, such as diabetes, type of ACS, HF, education or attendance to CR. 4 7 Strengths are the prospective nature of the study, the large number of patients with >80% HU follow-up rate at 1 year, and the global assessments between patients' characteristics and HU.
Our study has several limitations. We measured HU by means of validated, but already existing simple assessment tools, such as EQ5D and VAS, but other concomitant questionnaires (eg, SF-36) or new assessment tools specifically designed for patients with ACS might have strengthened the findings. For instance, our data did not find significant differences of EQ-5D HU in patients with ACS compared with the general population in Switzerland, except for patients younger than 60 years old. One potential explanation is the favourable impact of modern therapies on the prognosis of ACS; an alternate hypothesis might be the lack of sensitivity of the EQ-5D HU to detect differences due to ceiling effects.
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Although we applied an equation based on age and gender developed in the general population to predict expected HU in the control group, the ACS cohort was different in terms of baseline characteristics (eg, higher proportion of women in the control group compared with the ACS population).
EQ-5D has been reported to be valid and reliable in patients with CAD. 8 The EQ-5D HU is able to detect clinical symptoms, such as severe angina or HF symptoms, and has been validated with disease-specific instrument, such as the Seattle Angina Questionnaire. We have previously reported that an HU assessment limited to five dimensions may miss important health issues in a large proportion of individuals. 28 The addition of five alternative health dimensions (sleep, memory/concentration, fatigue/energy, sight/hearing and contact with others) was able to improve the variance of health status expressed in VAS. 28 Nevertheless, EQ-5D was able to detect in our study the greater impact of ACS confirming the important effect of premature ACS on productivity and opportunity costs in younger patients. 29 Self-reported health status measured by VAS has been used in large cardiovascular studies, such as the Bypass Angioplasty Revascularization Investigation 2 Diabetes. 30 Some data suggest that self-rated health status is not only a spontaneous assessment of one's health status, but a marker of achievement of one's relatively important health-related goals. 31 This might be particularly important in younger patients who tend to evaluate their health state more negatively. In addition, a subjective evaluation of the health status in patients with ACS could be additionally influenced by socioeconomic or psychological factors beyond standardised preferences of the EQ-5D instrument. Health economic studies are usually based on HU indexes derived from generic instruments, such as EQ-5D, while estimates derived from the VAS are more rarely used. 9 Our data suggest that VAS could be more sensitive to detect differences of health loss in patients with ACS, compared with the EQ-5D instrument. In addition, our data suggest that aggregated estimates for health utility can miss important information emphasising the need of subgroup and scenario analyses.
Another limitation remains in the fact that our sample might not represent all patients who survived after ACS (selection bias). Indeed, not all individuals with cardiogenic shock or after resuscitation had been included in all centres, explained by the low mortality rate in the entire cohort. However, the mean age of patients included in our cohort was similar to another Swiss registry of patients with ACS, and also to the proportion of patients with heart failure at baseline. 32 Although we applied an equation from the Swiss general population based on age and sex, it might be possible that differences between observed and predicted values were not only explained by ACS (eg, effect of smoking or low physical activity more prevalent in patients with ACS) leading to an overestimation of disutility of ACS. Thus, in the healthy control population cohort, there were 56% women, whereas in the patients' groups, 79.8% were men.
Conclusion
Our results suggest that EQ-5D health utility values are not significantly lower in patients with ACS referred for coronary angiography compared with the general population. Possibly, the EQ-5D instrument focusing on five dimensions does not capture the health utility accurately enough or, alternatively, it showed favourable impacts of contemporary ACS management more rapidly than global self-reported health utility. In contrast, if VAS detects significant differences of aggregated health utility values, it might be a more appropriate instrument in ACS patients. In addition, our study emphasises the relevance of patients' characteristics in the estimation of specific health utility indexes. Future patient-reported outcomes and health economic studies on ACS should address these patients' heterogeneity issues using subgroups, scenario and sensitivity analyses with probabilistic approaches to further reduce parameter uncertainty.
